Type 2 mycoplasma viruses (MVL2) are membrane-enclosed spherical particles which contain supercoiled circular double-stranded DNA (8).
Mycoplasma virus type 2 was shown to adsorb specifically to intact cells, membranes, and lipoglycan of Acholeplasma laidlawii strain JAl but not to these components of Acholeplasma oculi. The oligosaccharide chain of the lipoglycan defined the specificity of the receptor site since deacylation not only did not reduce adsorption but increased it threefold. Actual adsorption of virus to lipoglycan was demonstrated by sucrose density gradient separation of the viruslipoglycan complex. A strain of A. laidlawii, JAlr, resistant to infection with mycoplasma virus type 2, was incapable of adsorbing the virus and was devoid of lipoglycan.
Type 2 mycoplasma viruses (MVL2) are membrane-enclosed spherical particles which contain supercoiled circular double-stranded DNA (8) .
As with bacterial viruses, viral infection of the mycoplasmal cell requires the presence of specific receptor sites on the cell surface with which one or more of the surface components of the virion can interact. We have chosen to study MVL2 to define the kinds of molecular interaction involved in the adsorption process. This virus contains lipids, as first shown by their sensitivity to detergents and organic solvents (3) , and is bounded by a unit membrane, as demonstrated by electron microscopy (4) . The qualitative nature of the viral lipids is identical to that of those found in the host, Acholeplasma laidlawii strain JAl; i.e., they contain glycolipids, phosphoglycolipids, and phospholipids (AlShammari, unpublished data). Electron micrographs reveal viral particles budding from the cell membrane (7) .
Data which demonstrate the specific interaction of MVL2 with A. laidlawii strain JAl and its purified membrane and lipoglycan are presented in this report. (12) . The properties of this lipoglycan are the same as those previously reported (13) . The lipoglycan accounts for about 0.7% of the cellular dry weight, is located in the cytoplasmic membrane, and is composed of neutral and amino sugars in a ratio of 3:1. The neutral sugars are primarily glucose with a trace of 120 mannose; the amino sugars are primarily fucosamine and quinovosamine with traces of glucosamine and galactosamine. This oligosaccharide chain is covalently bonded to a diglyceride. Although the acylated molecule is contaminated with protein (0.5%) and nucleic acid (1%), the deacylated molecule is totally free of such contamination. Gel permeation chromatography, electrophoresis in polyacrylamide gels containing sodium dodecyl sulfate, and immunodiffusion with antimembrane antibody have proven the presence of only one homogeneous component (12) .
MATERIALS AND METHODS
Purification of MVL2. MVL2 was propagated on lawns of A. Iaidlawii strain JAI by incubation overnight at 37°C. The plates were then flooded with phosphate-buffered saline, pH 7.5 (5). The suspension was filtered through a 0.22-tim membrane filter (Millipore Corp.) to remove acholeplasmal cells. Polyethylene glycol 6000 was added to the filtrate to give a concentration of 10% (wt/vol), and the NaCl concentration was adjusted to 0.5 M (15). After being held overnight at 4°C, polyethylene glycol-treated MVL2 was pelleted by centrifugation at 16,000 x g for 10 min, and the pellet was dissolved in a small volume of Tris-NaCl buffer, pH 7.4 . One milliliter of the suspension was layered onto the top of a preformed linear gradient (20 to 60%) of metrizamide and centrifuged for 17 h at 60,000 x g (A. Liss, personal communication). Fractions (0.5 ml each) were collected from the bottom of the tubes, and the virus was located by assay for infectivity on A. laidlawii strain JAl. Fractions containing the bulk of the virus were pooled and dialyzed against the Tris-NaCl buffer. Radioactively labeled MVL2 was obtained by propagating the virus on A. laidlawii strain JAl in the presence of inorganic 32Pi (25 ,tCi/ml) or [1-'4C]oleic acid (2.5 ytCi/100 ml).
Purified virus was stored at -70°C.
MVL2 adsorption to the celis. Adsorption of MVL2 to intact acholeplasmal cells was performed by mixing A. laidlawii strains JAl and JAlr or A. oculi (approximately 108 colony-forming units per ml) with MVL2 at a concentration of 106 PFU/ml in tubes prewarmed to 37°C, followed by further incubation in a 37°C water bath. Samples (0.1 ml each) were removed at various time periods and immediately diluted 1:100 in phosphate-buffered saline. Two milliliters of this dilution was drawn into a syringe and filtered with positive pressure through a sterile 0.22-,um filter, using a Millipore Swinney adaptor (2) . Filtrates were assayed for residual free virus by mixing 0.5 ml of various dilutions with 0. (6) .
Adsorption experiments. Two types of adsorption experiments were run in parallel to assess whether the inactivation of virus by membranes and lipoglycans was due to adsorption of virus. In one experiment we used MVL2 labeled with 3P or [1-14C]oleic acid, whereas in the other we used unlabeled virus. Known concentrations of membranes and lipoglycans (100 jig/ ml) were incubated with MVL2 (ca. 106 PFU) for 60 min at 370C. The mixtures were layered onto preformed linear gradients (15 to 45%) of sucrose. The gradients were centrifuged at 30,000 x g for 30 min. Fractions were collected from the top by aspiration. Radiolabeled strain JAl lipoglycan was run as another control and treated identically. In radiolabeled experiments, 0.1-ml portions were counted in a Packard TriCarb liquid scintillation counter. Unlabeled fractions were assayed for free virus as described above.
RESULTS
An examination of the kinetics and specificity of the adsorption of MVL2 to intact acholeplasmas was made before the role of membranes and lipoglycans was studied. Figure 1 shows the adsorption of virus versus time. Adsorption occurred only with A. laidlawii strain JAl. With this acholeplasma, 90% of the virus was bound in 30 min. Adsorption was first order, and the k constant was calculated to be 2.2 x 10-10 cm3/ min, which is identical to that reported by Putzrath and Maniloff (9) . No Figure 2 shows the results of experiments designed to determine the inactivation of MVL2 after 60 min of exposure to various concentrations of membranes and lipoglycans. As with intact cells, only components from A. laidlawii strain JAl inactivated the virus. Digestion of membranes with nucleases did not result in any reduction of inactivation. No loss of activity was noted with either the membrane or lipoglycan of A. oculi. Hence, the specificity of adsorption resided in the membrane and lipoglycan of strain JAl. On a weight basis, the membrane of strain JAl exhibited a greater degree of inactivation than did the lipoglycan. For example, at a concentration of 50 ug/ml, 70% of the virus was inactivated by the membrane, whereas only 50% was inactivated by the lipoglycan. This lower activity by the lipoglycan was due probably to the inappropriate orientation of the oligosaccharide chain in the colloidal suspension of the purified lipoglycan. Deacylation of the lipoglycan destroyed its amphipathic nature (12) and resulted in a greater increase of inactivation than did the membrane and intact lipoglycan (Table  1) . This result also indicated that the oligosaccharide chain, and not the fatty acids, represents the specific receptor site. Loss of detectable free virus upon exposure to membranes and lipoglycans could be the result of some inactivating phenomenon other than adsorption. Hence, experiments were performed to determine whether actual adsorption of MVL2 occurred (Fig. 3 and 4) . In the case of unlabeled virus (Fig. 3) , the curves represent residual free virus; although the method used for unlabeled virus does not detect a complex of virus and membrane or lipoglycan, a reduction in free virus was noted. In the case of labeled virus, the curves represent radioactivity. When 3p_ or [1-_4C] oleate-labeled virus was used, free virus remained near the top of the gradient, whereas the presence of membrane or lipoglycan resulted in the appearance of another radioactive peak nearer the bottom of the gradient, i.e., fractions 8 and 9 ( Fig. 4A ) and fractions 16 and 17 (Fig. 4B) . Radiolabeled strain JAl lipoglycan, when run alone in the gradient, appeared in fraction 18. The densities of the membrane and MVL2 were the same (1.19 g/cm3). The density of the lipoglycan was not determined. These results establish the formation of a complex of virus and membrane or lipoglycan, which is indicative of adsorption. 
DISCUSSION
The membrane of A. laidlawii is similar to other biological membranes, being composed of protein (57%), lipid (32%), and carbohydrate (0.5%) (10) . A portion of the carbohydrate content consists of lipoglycan and amounts to 0.7% of the dry weight of the organism (13) . This polymer, which is a long oligosaccharide chain covalently attached to diglyceride, occurs together with a smaller polymer made up of Nacetylglucosamine and N-acetylgalactosamine (12) . Specific adsorption of MVL2 to the lipoglycan fraction of A. laidlawii strain JAl indicated that the receptor site for the virus was associated with either the lipoglycan or the hexosamine polymer. Purification of the deacylated lipoglycan free from the hexosamine polymer (11) yielded a product more efficient in binding virus than did either the membrane or the intact lipoglycan. Hence, the receptor site for the virus appears to be associated with the oligosaccharide chain. Since the lipoglycan and membrane of an unrelated species, A. oculi, failed to bind virus, the nature and sequence of sugars must specify the receptor site. The lipoglycan of A. oculi possesses a sugar composition and size different from those of A. laidlawii (1) . Confirmation of such a conclusion was obtained with strain JAlr, which is resistant to infection with MVL2 and was found to be devoid of lipoglycan.
The results of this study further suggest that the oligosaccharide chains of the lipoglycan are exposed to the surface of acholeplasmas in such a fashion as to permit virus adsorption. A most likely orientation would be the embedding of the hydrocarbon chains of the acyl fatty acids in the lipid bilayer of the membrane, with the oligosaccharide chain extending outward from the surface of the acholeplasmal cell. This orientation would also explain the antigenic specificity of the membrane surface of acholeplasmas (14) .
This study reports the first demonstration of the attachment of a mycoplasma virus not only to an isolated acholeplasmal membrane, but also to a specific purified membrane component, a lipoglycan.
